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Background  and  Introduction 


This  report  presents  the  results  of  a 
single  Structural  Irregularity  and  Damage 
Evaluation  Routine  (SIDER)  inspection 
of  two  range  safety  craft  (RSC).  The 
primary  task  of  these  craft  is  providing 
range  surveillance  and  clearance  in 
coastal  areas  around  the  United  Kingdom. 

Twelve  craft  in  total  were  built  from 
1978  to  1984.  Standard  engines  were 
Rolls  Royce  C8M-410,  replaced  by  612 
kW  Volvo  Penta  TAMDI22D  during 
1995  giving  a  top  speed  of  22  knots  and  a 
range  of  300  miles  at  20  knots.  The  twin- 
screw  craft  have  a  displacement  of  20.2 
tons  (full  load),  a  length  of  48.2  feet  (14.7  meters),  a  beam  of  1 1.5  feet  (3.5  meters)  and  a 
draught  of  4.3  feet  (1.3  meters).  A  photograph  of  a  Range  Safety  Craft  is  in  Figure  1 . 

One  of  the  RSCs  tested  was  RSC8126  (formerly  named  Sir  Cecil  Smith),  a  GFE  vessel 
operated  by  Smit  Internal.  The  other  vessel  we  tested  was  identified  as  a  “police”  vessel.  The 
pennant  number  is  unknown,  but  was  probably  RSC8125  or  RSC8129,  since  these  RSCs  are 
currently  operated  by  the  Ministry  of  Defence  Police. 

Early  in  November  2002,  The  Technical  Cooperation  Program  (TTCP)  composite  panel 
TP-7  had  their  annual  meeting  at  the  United  States  Naval  Academy.  One  of  the  study 
assignments  presented  was  Study  Assignment  29  on  the  Durability  assessment  of  composites  in 
the  service  environment.  This  is  part  of  the  KTA-10:  Composite  performance  and  long-term 
durability  under  dynamic,  thermal  and  shock  loading.  The  presentation  described  the  Structural 
Irregularity  and  Damage  Evaluation  Routine  (SIDER)  which  is  currently  being  developed  at  the 
United  States  Naval  Academy  and  NSWC,  Carderock  Division  by  Drs.  Colin  Ratcliffe  and 
Roger  Crane,  respectively. 

There  was  significant  interest  in  this  technology  and  the  ability  of  the  SIDER  to  locate 
areas  of  structural  differences  in  complex  composite  structures.  The  interest  by  the  member 
countries  was  significant  enough  that  the  study  assignment  was  elevated  to  an  operating 
assignment.  In  this,  the  member  nations  work  together  in  the  development  and  transfer  of  the 
technology  for  the  mutual  benefit  of  the  military  of  each  nation. 

In  late  November  2002,  Dr.  Paul  Curtis,  the  United  Kingdom  (UK)  National  Leader, 
contacted  Dr.  Crane  and  expressed  interest  by  Alan  Groves  from  the  MoD  at  Abbeywood 
(Bristol)  to  use  SIDER  to  inspect  a  GRP  hull  and  sandwich  decking  on  an  Archer-Class  vessel. 


Figure  1.  Range  Safety  Craft 
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There  have  been  issues  of  bonding  of  the  deck  to  the  hull  on  some  ships  in  this  class.  It  was 
requested  that  Drs.  Ratcliffe  and  Crane  contact  Alan  Daniel  to  discuss  the  possibility  of  going  to 
the  UK  and  inspecting  the  vessels  with  SIDER. 

After  several  conference  calls  between  the  U.S.  representatives  and  representatives  of  the 
MoD,  it  was  decided  that  the  SIDER  technique  may  have  the  capability  of  locating  damage  in 
the  Archer-Cla^ss  decks,  as  well  as  other  composite  ship  components.  While  Drs.  Ratcliffe  and 
Crane  were  in  the  United  Kingdom  testing  an  Archer-C\z&s  vessel,  the  opportunity  was  taken  to 
visit  VT  Halmatic  Ltd.,  and  test  parts  of  two  range  safety  craft.  A  section  along  the  starboard 
side  was  selected  because  of  its  accessibility  on  both  craft  during  the  testing  period.  Figure  2 
shows  a  general  view  of  the  RSC  during  testing  in  the  facilities  at  VT  Halmatic  Limited, 
Portsmouth,  United  Kingdom,  approximately  located  at  50  50.72’  N  001  06.95’  W.  Testing 
took  place  on  July  16-17, 2003. 


Figure  2.  General  View  of  RSC-8126  during  SIDER  Testing 

The  SIDER  procedure  looks  at  either  the  entire  structure,  or  large  parts  of  a  structure,  and 
identifies  locations  where  there  is  variability  in  structural  stiffiiess.  These  areas  either  are  due  to 
the  design  stiffness  variability  of  the  structure  itself,  or  are  manufacturing  defects  or  in-service 
damage.  After  a  preliminary  SIDER,  a  follow-up  SIDER  can  be  used  to  show  the  change  which 
has  taken  place  over  time.  This  change  is  attributable  to  damage  occurring  between  the  two 
examinations.  For  this  partieular  project,  each  hull  section  was  subject  to  a  single  SEDER.  Since 
each  hull  section  was  nearing  completion  of  its  overhaul,  any  identified  features  would  be 
coincident  with  area  that  had  in-service  damage. 
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Grid 


In  order  to  conduct  a  SEDER  analysis,  the  structure  needs  to  be  marked  with  a  mesh  of  test 
points.  For  the  best  results,  the  mesh  should  be  uniform.  However,  some  irregularity  is 
acceptable.  For  the  sides  of  the  RSCs,  it  was  decided  to  use  a  basic  mesh  size  of  nine  inches  in 
the  horizontal  direction,  and  4  inches  in  the  vertical  direction.  The  global  origin  for 
measurements  was  the  intersection  of  the  wood  rub  strip  with  a  vertical  metal  comer  plate 
miming  down  the  aft  starboard  quarter,  as  shown  in  Figure  3.  The  X-direction  was  forward 
along  the  strip.  Hence,  the  slight  curvature  in  the  strip  meant  the  axis  was  also  curved.  The  Y- 
direction  was  plum  bob  vertically  upwards  (that  is,  not  exactly  orthogonal  to  the  strip)  and  was 
the  distance  from  the  center  of  the  wood  strip.  The  Z-direction  was  normally  outward  from  the 
hull  surface.  Using  this  style  of  coordinates  and  axes  means  that  SEDER  features  can  be  more 
easily  located  on  the  stmcture. 

The  mesh  was  centered  on  the  wooden  mbbing  strip  that  was  on  the  RSC  police  vessel.  It 
was  not  possible  to  put  ±2-inch  grid  points  above  or  below  this  strip  because  there  was 
insufficient  space  to  get  the  hammer  in  to  the  correct  location.  Therefore,  the  first  two  rows  of 
grid  points  were  set  at  ±2.5  inches  in  the  vertical  direction. 

RSCS  126  did  not  have  the  wooden  mbbing  strip.  Therefore,  the  missing  location  was 
marked  with  masking  tape,  and  the  same  grid  was  established  using  this  tape  as  reference. 
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Figure  4.  Test  Grid  for  RSC 


Acceierometer  Locations 


Most  Sn)ER  tests  use  four  accelerometers,  arranged  on  a  close-to  symmetric  pattern.  The 
symmetry  is  deliberately  broken  so  that  the  accelerometer  locations  are  partly  randomized. 
Additional  transducers  may  be  required  if  the  structure  is  not  particularly  resonant.  In  this  case, 
each  transducer  might  not  “see”  the  impact  at  all  locations.  It  is  generally  best  if  at  least  four 
transducers  “see”  the  impact  at  any  point  on  the  structure.  For  this  study,  even  though  the 
structure  was  not  very  resonant,  it  was  decided  to  use  four  accelerometers.  This  was  based  on 
provisional  testing,  where  a  pulse  at  one  end  of  the  structure  was  readily  observable  at  the  other 
end.  As  described  later,  the  SEDER  used  the  data  from  all  accelerometers.  All  accelerometers 
had  a  nominal  sensitivity  of  100  mV/g. 
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The  locations  of  the  accelerometers  are  shown  in  Table  1.  The  absolute  location  of  the 
transducers  is  estimated  to  have  an  accuracy  of  ±1.5”. 

Accelerometers  mounting  bases  were  bonded  with  cyanoacrylate  superglue  to  the  outer 
surface.  The  accelerometers  were  then  mounted  by  stud  to  the  mounting  bases. 


Table  1.  Location  of  the  Accelerometers 


Accelerometer 

Analyzer  Channel 

X 

Y 

z 

A 

2 

3’9” 

-0’8” 

0” 

B 

3 

9’9” 

ri” 

0” 

C 

4 

19’6” 

0’6” 

0” 

D 

5 

24’9” 

-1-1” 

0” 

Data  Acquisition  and  Quality 

There  were  a  total  of  three  different  tests  conducted  on  the  two  range  safety  craft.  There 
were  two  tests  on  RSC  Police,  one  using  the  small  sized  modally  tuned  hammer  and  one  using 
the  midsize  modally  tuned  sledgehammer.  There  was  one  test  on  RSC8126,  using  the  midsize 
sledge.  Data  acquisition  details  are  shown  in  Table  2. 


Table  2.  RSC8126  Data  Acquisition  Details 


Detail 

RSC  Police 

RSC  Police 

RSC8126 

Test  ID 

R1 

R2 

R3 

Hammer 

Small 

Midsize  sledge 

Midsize  sledge 

Tip 

Nylon 

Grey 

Grey 

Frequency  range 

0-2  kHz 

0-1  kHz 

0-1  kHz 

Resolution 

1 .25  Hz 

0.625  Hz 

0.625  Hz 

Response  exponential  window  constant 

0,3  s 

0.3  s 

0.3  s 

Data  for  each  impact  point  were  spectrally  averaged  for  two  hits.  On  site,  the  data  quality 
was  primarily  assessed  by  observation  of  the  individual  coherence  functions.  When  the 
coherence  was  atypically  poor,  the  measurement  was  repeated  until  either  the  coherence 
improved,  or  it  was  assessed  that  the  low  coherence  was  a  structural  issue  rather  than  a  test  issue. 

After  the  fact,  the  data  quality  is  assessed  by  the  average  coherence.  Figure  5  and  Figure  6 
show  the  average  coherence  for  each  test.  In  keeping  with  our  standard  procedures,  the  average 
coherence  is  shown  separately  for  each  accelerometer.  Note  that  the  coherence  axis  for  each 
graph  is  expanded,  and  only  shows  the  range  80-100%.  We  would  normally  consider  a  high 
quality  data  set  to  have  an  average  coherence  in  excess  of  95%,  and  preferably  more  than  98%. 
As  discussed  below,  we  have  very  high  quality  data  in  frequency  ranges  where  there  was 
sufficient  input  energy. 
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Frequency  (Hz) 

(RSC  Police  with  small  hammer) 

Figure  5.  Average  Coherence  for  Test  ID  R1 


Figure  6.  Average  Coherence  for  Test  ID  R3 


NSWCCD-65-TR-2003/39 


This  was  the  first  time  that  the  small  modally  tuned  hammer  was  used  to  excite  a  structure 
as  large  as  this.  Normally,  this  hammer  has  only  been  used  for  small  structures  in  a  laboratory 
situation.  A  decision  was  made  to  try  to  use  it  because  of  the  nonresonant  nature  of  the  RSCs.  A 
small  initial  test  showed  that  the  data  obtained  using  the  small  hammer  had  good  coherence  up  to 
2  kHz.  However,  as  shown  in  Figure  5,  the  low  frequency  data  (below  about  500  Hz)  had  a  poor 
coherence.  These  features  are  not  surprising.  The  low  frequencies  correlate  to  overall  structural 
vibration,  and  the  small  hammer  did  not  impart  enough  energy  to  excite  this  type  of  motion.  The 
high  frequencies  are  more  related  to  short  wavelength  motion  that  can  propagate  along  surface 
layers  without  exciting  the  overall  structural  motion. 

This  project,  therefore,  gave  a  unique  opportunity  to  compare  the  performance  of  SIDER 
on  a  large  structure  when  different  excitation  methods  are  used.  This  report  presents  the  overall 
results  and  major  conclusions.  Detailed  analysis  of  the  effort  of  structural  motion  for  the  SIDER 
testing  is  left  to  a  later  date. 


SIDER  Test  Results 


Based  on  the  coherence  data,  the  SIDER  analysis  was  conducted  from  500  to  2  kHz  for  test 
ID  Rl,  and  from  50  to  450  Hz  for  Test  IDs  R2  and  R3,  these  being  the  frequency  ranges  where 
the  average  coherence  is  above  about  98%. 

Accelerometer  Effect 

It  is  a  documented  aspect  of  the  SIDER  algorithm  that  the  procedure  may  produce  features 
at  the  locations  of  the  accelerometers.  This  is  a  theoretical  aspect,  but  the  effect  has  only  been 
observed  once  before,  while  testing  a  100%  rubber  submarine  component.  The  component  did 
not  comply  with  one  structural  requirement  for  SIDER  —  that  the  structure  be  resonant.  Figure  7 
a)  shows  the  SIDER  results  for  Test  ID  R2  with  the  approximate  positions  of  the  accelerometers 
marked  with  black  dots.  There  is  some  concern  that  at  least  three  of  the  features  are  coincident 
with  the  accelerometers.  Figure  7  b)  through  Figure  7  e)  enhance  this  concern  by  showing  the 
SIDER  results  obtained  by  using  just  one  accelerometer  at  a  time.  It  should  be  noted  that  this 
single  accelerometer  analysis  is  not  part  of  the  documented  SIDER  procedure,  and  is  used  here 
for  demonstrative  and  analytical  purposes  only. 
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a)  With  Accelerometer  Locations  Marked 


b)  Accelerometer  ‘A’  Only 


c)  Accelerometer  ‘B’  only 


d)  Accelerometer  ‘C’  only 


e)  Accelerometer  ‘D’  only 


Figure  7.  Test  ID  R2  SIDER  Results 

The  SIDER  theory  suggests  that  these  ‘accelerometer  features’  are  only  effective  for  about 
two  grid  points  from  the  accelerometer  location,  and  beyond  that  the  results  are  unaffected. 
Therefore,  it  was  decided  to  implement  a  blanking  algorithm  to  see  if  the  small  hammer  would 
provide  results  similar  to  those  from  the  larger  sledgehammer.  The  blanking  algorithm  uses  data 
from  all  four  accelerometers  for  most  of  the  structure.  However,  when  the  analysis  is  near  an 
accelerometer,  the  results  from  the  nearby  accelerometer  are  ‘blanked’  and  the  results  only 
obtained  from  the  other  three  remote  accelerometers.  Figure  8  shows  the  effect  of  using  the 
algorithm  for  this  structure.  By  comparing  Figure  7  a)  with  Figure  8,  it  is  readily  seen  that  this 
accelerometer  problem  is  solved. 


Figure  8.  Test  ID  R2  SIDER  results  with  blanking  algorithm  employed 

Previously,  thought  had  been  put  into  whether  this  blanking  routine  should  be  employed  as 
a  standard  feature  of  SIDER.  Based  on  previous  experience  where  the  accelerometer  problem 
was  not  of  concern,  it  was  decided  that  SIDER  did  not  need  the  additional  computational  aspects 
of  the  blanking  routine.  It  now  seems  it  may  be  appropriate  to  incorporate  the  blanking  routine 
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as  a  standard  aspect  of  the  algorithm.  All  SEDER  results  shown  later  in  this  report  include  the 
blanking  algorithm  analysis. 

SIDER  results  for  Test  IDs  R1,  R2  and  R3 

Figure  9  through  Figure  1 1  show  the  SIDER  results  for  the  RSC  Police  tests  using  the 
small  and  midsize  hammers  (Test  IDs  R1  and  R2  respectively),  and  the  test  of  RSC  8126  (Test 
ED  R3).  All  plots  are  to  the  same  scale  -  the  same  shade  of  red  has  the  same  SIDER  value  in  all 
graphs  and  photographs. 

On  these  plots  the  small  crosses  show  the  test  grid  and  the  axes  legends  show  the  distance 
in  feet  from  the  global  origin.  While  SEDER  is  a  directional  test,  the  results  shown  here  are 
solely  for  the  fore-aft  analyses.  The  analysis  requires  a  reasonably  large  number  of  test  points  in 
the  direction  of  the  analysis.  For  these  tests  it  was  decided  to  limit  the  interest  to  the  fore-aft 
analysis,  and  therefore  the  test  grid  was  restricted  in  number  of  points  in  the  vertical  (Y) 
direction.  This  saved  a  significant  amount  of  test  time.  This  limitation  was  imposed  because  the 
test  section  had  a  high  aspect  ratio. 

The  SEDER  results  are  shown  as  contour  plots,  and  separately  overlayed  on  photographs  of 
the  RSCs.  Note  that  the  contour  plots  can  be  used  to  accurately  locate  features  on  the  structure. 
In  this  report,  because  of  the  foreshortening  of  the  photographs,  the  features  can  actually  be 
several  inches  from  their  actual  position  on  the  photographs.  As  mentioned  previously,  all 
results  include  the  blanking  algorithm. 


(RSC  Police  with  small  hammer) 

Figure  9.  SIDER  Results  for  Test  ID  R1 
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Discussion  of  SiDER  Results 

Comparison  of  Small  and  Midsize  Hammers 

The  two  results  show  a  remarkable  agreement  in  both  pattern  of  features  and  magnitude  of 
SIDER  values.  Both  tests  identify  the  same  basic  regions  as  “clear”  of  irregularity.  The  main 
difference  seems  to  be  that  the  features  identified  by  the  small  hammer  are  slightly  larger  in  both 
magnitude  and  area. 

Comparison  of  RSC  Police  and  RSC8126  Using  Midsize  Sledge  Hammer 

The  two  RSCs  are  sister  vessels.  There  are,  though,  some  differences.  RSC  Police  had  its 
starboard  engine  installed,  whereas  RSC  8126  had  no  engines  in  place.  Also,  there  were  some 
differences  in  internal  attachments  to  the  hull,  and  the  hull  penetration  layouts  were  different. 
Despite  these  differences,  the  SIDER  inspections  have  produced  very  similar  plots  of  structural 
irregularity  features.  This  result  suggest  that  a  baseline  SIDER  from  one  vessel  maybe  useful  in 
identifying  problems  with  another  hull. 

Figure  12  is  similar  to  Figure  10,  but  with  several  features  marked  (the  mesh  has  been 
removed  from  the  original  figure  to  aid  clarity). 


(RSC  Police  with  midsize  sledge) 


Figure  12.  SIDER  Results  for  Test  ID  R2  with  Marked  Features 

Feature  1  is  coincident  with  an  internal  bulkhead.  Examination  of  this  part  of  the  RSC 
Police  hull  by  Keith  Vernon,  Senior  Surveyor,  Lloyd’s  Registry  of  London,  confirmed  that  this 
SIDER  feature  had  identified  damage  (probably  delamination  or  debonding)  between  the  main 
hull  shell  and  the  bulkhead.  This  is  a  high-risk  part  of  the  vessel,  since  it  often  gets  hit  during 
alongside  maneuvers.  There  was  also  some  nearby  cracking  of  the  internal  bulkhead,  but  this 
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was  not  in  the  area  that  had  been  SIDER  inspected.  Mr.  Vernon  did  note,  though,  that  the 
identification  of  this  crack  was  significantly  aided  by  knowledge  of  the  damage  location 
identified  by  the  SIDER  analysis. 

Feature  2  is  strong  on  RSC  Police,  but  minimal  on  RSC  8126.  Internally  to  RSC  Police, 
there  is  a  wiring  support  harness  at  this  location.  It  does  not  exist  in  the  RSC  8126.  It  is 
speculated  that  SIDER  has  located  the  wiring  harness,  but  it  is  possible  that  there  is  other  hidden 
structural  irregularity.  The  wiring  harness  is  shown  in  Figure  13. 


Feature  3  shows  on  the  results  for  both  craft.  There  were  no  obvious  problems  or  structural 
features  at  this  location,  but  since  the  feature  is  apparent  on  both  RSC  results,  it  presumably 
maps  to  some  structural  or  damage-related  stiffness  variation.  The  thick  noise  and  vibration 
lagging  on  the  inside  surface  of  the  hull  precluded  a  detailed  investigation  of  this  area. 


Feature  4  also  shows  on  the  results  for  both  craft.  At  this  point  inside  the  hull  there  is  a 
small  galley,  and  it  was  not  possible  to  get  to  the  inside  surface  of  the  hull  shell.  However,  this 
is  another  high-risk  part  of  the  hull,  prone  to  impact  damage  during  alongside  evolutions. 


Figure  13.  Wiring  Harness  inside  RSC  Police 
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Conclusions  and  Recommendations 


The  SIDER  technique  was  used  to  inspect  the  starboard  side  hull  of  two  RCSs  from  the 
main  deck  to  the  water  line.  The  hull  is  a  rib  stiffened  GRP  design.  The  SIDER  inspection 
identified  several  regions  that  had  changes  in  structural  stiffness.  One  of  the  indications 
corresponded  to  a  loose  hull  penetration.  The  most  significant  feature,  identified  previously  as 
region  1,  was  an  area  of  skin  to  stiffener  debonding.  In  addition,  there  were  other  areas 
identified  which  were  physically  hidden  from  view,  given  as  regions  3  and  4.  It  is  recommended 
that  details  of  the  ship  construction  be  reviewed  to  see  if  these  are  areas  that  have  known 
stiffness  variation  due  to  construction.  If  they  are  not,  then  these  are  suspect  areas  and  more 
detailed  non-destructive  evaluation  methods,  such  as  ultrasonic  inspection  should  be  used  to 
verify  structural  integrity.  In  general,  it  certainly  can  be  stated  that  the  SIDER  technique  can 
readily  locate  areas  on  composite  structures  where  stiffness  variations  occur  which  are 
attributable  either  to  structural  design  or  structural  anomalies. 
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